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___Academic Codes [edit]

» Stochastic Immersed Boundary Methods in 3D, P. Atzberger, UCSB&Z

« Immersed Boundary Method for Adaptive Meshes in 3D, B. Griffith, NYU.&2
» Immersed Boundary Method for Uniform Meshes in 2D, A. Fogelson, Utah &
o IFLS, IFL, TU Braunschweig &

Commercial Codes |edit]

» AcuSolve FSI applications &
» ADINA FSI home@g&rz‘ Archived 2021-04-28 at the Wayback Machine
@EN NN BN NN - LR

TR & 25 9 5 e

JIL =] « Altair RADIOSS &

PAS RN |','5J %A s /utgdesk Simulation CFDEZ

= = tSlﬂ_c_e_n_te_zr_SLAE—gZMtirg_m Siemens Digital Industries Software

$‘ I-':? % H]% r 1Z|§/Eﬂ:; . Co‘Ly)( - FSl and nwesh-mqrpl1ing frém EVEN . Evolutionary Engineering AG 2 |

ey e o Fluidyn-MP FSI Multiphysics Coupling Archived 2 2014-05-17 at the Wayback Machine

NN NN N NN NN NN B B

Xr‘[‘ /2‘3 ;[% E]/‘J = [][EJ UMD E L eragee 1

JIL R ﬁ‘EIE —_— « MpCCl homepage 2

« MSC Software MD Nastrant

XR I_EJ EE éj\j"j 55 %é% D « MSC Software Dytran

ﬁ A ‘\1 P n+l » FINE/Oofelie FSI: Fully integrated and strongly coupled for better convergence @ Archived &' 2012-04-01 at the Wayback Machine
g%% = ?:I:;:E ! « LS-DYNA Home Page
/\ /\ \ - CFD CFD . ﬂuﬂyl_MP—FSL fljﬁ_s_trﬁ‘[a[e Interaction @ r Op enF OAM
;'j[g *I% = :l: l Hj‘ IEﬂ y T l T \\/ «lCompassFEM Tdyne? I

P Vs 2 : KampassiEM seatEz. )
/l:\l ﬁcjﬁ%— {K,f i ;%\ 9| csD H CSD }% « Cradie SC/Tetra CFD SaRtvaiee / ]
A . 1 R _”___\\ Pl \ « PARACHUTES FSI HomePage 2 ~ 1 1-
vRAE G AL — N (A 2D i e D s Calculix

N - e % T i T l Open source codes [edit] -
‘{ )L E I E: § LI i E i i » solids4Foam 2, a toolbox for OpenFOAM with capahfilities for solid mechanics and fluid solid interactions
%:I CSD —> CSD I—:% « comph-lib&

/\& | — - » Elmer FSI page?
« CBC.solve Biomedical Solvers &'

W
ﬁ i% éj\ ?’\j é}ﬁ . Jf jFl:l éj\ EpreCICE Coupling Library® |

. S-PHi-nEy:nmti-—ph-ysi-csTbEryd It provides C++ APIs for physical accurate simulation and aims to model coupled industrial dynamic

X *I% /_.\ \‘ —— systems including fluid, solid, multi-body dynamics and beyond with SPH (smoothed particle hydrodynamics), a meshless computational
I: = /

method using particle discretization.
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“m2. SHFETA
Fluid: OpenFOAM Solid: CalculiX

O CH+ L HZ T 8 T4 [RABUER T T & M T > CalouliX & kT8, o) | 1 B 1
SRARSE, I HUAC RS T B, T edEst
MR ST RS, A5 ERA 2% (CFD) AR |
CAAV. BT, 408 J) 2R ] 5.

> BT HRITTEH KRGS

> AeAbERZE ARSI . RESR MR T
Bh JIRFR T 5 ) i

> Kfgeas 9 B 2 Abaqus XA R EI AR I

L
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.- A Complete Example of FSI

Coupling: PreCICE

« preCICE B&— ML THTOXBEEEZENHEREGE. CaebHmEREE Mg Tl sE,
ERERGIA BT BORERS, BASENREMNE, EERNZVHEG I EPRER

AN
USRS g = Y S
A )
(2
X O
S & O
3 Q& //\ \
) ©
S ¢ preCICE
MuItl-Physms S|mulat|ons
[EFOAT N N e
SuU2 ! FEniCS
BB Nutils
—— (_GlediX 20
@B ode _ast
) ) MBDy
ccccccccc tion data mapping

CalculiX

i“gglf’/:fe [*" :i /: ,,,,, l/ EHJJ{ >> H Particle solver
> communication: F-H1g B3T3 H APl Cre Paten Vi K' e '/

> data mapping: #M g AN TE R I8CEE 8] X RS ST BILERT O0 &

> time interpolation: FIiE A [F] 37 (6] 25 K AN P [R] s 1) 36 20 50 &

> coupling schems: MENESACHAITT A QNS [ 5RAE S M aSRE G S H_EAgH#07 50

) ML T aERns R | 8 TRARR

ing
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|
ETFHRGER |
EATHBAE |
openFOAMH] |
PimpleFoam3R |

fEERPRAE 1

g & i

HHEERE
Precice - & i

ITRXH

5] 4 i
ETHMRT
BT S EUE
Calculix¥
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TR TE S8R0 DRI A% ) o 0 ME— e 3%,
DA b 75 XS WAS BEAT D04, AR o b o L T 3%
Al U

HABREE 1, R

HARRRFRIT 0, i B R o1 B

FAEHEOT 0, U AR R B0 4F

Parallel Deviation(%} 171/ Z £)

HAGHERIT 0, 35 B IS o R

Maximum Corner Angle (B2 705 KX )

VUiA T, #kEEIT 90 8kl

{H g &

Aspect Ratiof\t#itt (i<tk)

ENX TR = A ARt RS (BRKID/BR0) « 821, FT1HERrRER
¥, BEMAMBREMNE, S5, HHEUAT <20, AT208REES, AT 1e6RR4RE

iR, WE3FHR,

) ¥ L2 mlBRm R

BiFTEHRK
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v ALEL NS RERINE NG € il B & <

Face skewness is calculated as the
distance from the face centre to the cell-
centre to cell-centre face intersection
point normalised by the distance from
centroid of the cell to centroid of the
adjacent cell

Tacobian Ratio (77t EL %) HEMBIE 1, 01 B R L :
Wraping Factor (i Z20) FEAREEE 0, 9 PR I A O | >
Element Quality (%0 /i i % 40) FAERRER 1. Ve PR T e A T amlveao ////
ZH R L R
ZH ZHR A TR /%{’;
varl | [EHESMECD 5 rHUf | [15 3 wuﬁi ! N
var2 | [EM AL AD BN E [15] ) N L M.
var3 | [HE4ME AD BN [5,15] v/ s/ ;
var4 Block0 # [] 5% £ 41 [10,20] al " 3
var5 7 1] % 5 [30 100] yars var5. 6
var6 H 177 [ A N3 5 [110]
LS B0

AT Matlab1- 5 WINASA-NIHEVE, ClArflISEoN B b R 20T 2R 10 22 H AR LA 1A 3 (CMOPs) n
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N EE N

5T Matlab P 5 FINASA-IGLI%,  DLARRISK Sy B bR B8 G AT #E2IR 0 2 BAR IR AL
FEX CMOPs ﬁﬁ“ﬁﬁ*ﬁ

HEWHErR
ARFOSkIgHR

KA CMOPs FERRK
—ETE > T > End
HERREE HIEL I E % )I HARILERE
P EN NSGA-II (MATLAB ‘gamultiobj’ RES 2

Institute for Ocean Engineering

HESE L IR SEIRSF

Problem Setup and Results

__________________________________ € 0.385 T
Yotuer [gamultiob] -Vilobjzcive optmizaton ing GeneticAlgoritn_ _ | |
Problem ! = Pareto
. Fitness function: @main_ | = * KP
minimize f,(var,, var,, var,, var,, var;, var, ) = Ar, Nmber of variables: A
Constraints: 1
5 i s . | 0.380 |- t
Var Var Var Var Var VaI' ) — Sk Linear inequalities: A: b: -
'fVZ ( 1° 22 3° 4> 32 6 max Linear equalities: Aeq: beq: | W .'
Bounds: Lower: [[1.51510 30 8] Upper: [[3 51520100 13] s \
S't' Nonlinear cons traint function: 1 ;E; L
3 ] 5 3 ] 5 Run solver and view results R.-
Var] e [ o ]9 VarZ E [ b ]) Use random states from previous run | 0375 hh -
s ——
Start Pause Stop
Var3 € [5’ ]5] > Var4 € [1 0’ 20]’ Current iteration: Clear Results
1
Var5 e [30’ 100], Var6 e [8, ]5] ‘ 8.80 8.82 8.84 S?Z(:*‘%:LL 8.88 8.90 8.92 8.94
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AT Matlab*- 5 FINASA-IIE W, LlArfEq N H AR R EGHEAT AR 2 B S tiikp sy B
KIS H0JE[2.28 2.49 1013 65 7.89] , K1ERILL R I

SR L TR //%g

BH SEU R -
varl | [EREAME CD 5% r el [ [15 3] ey -
var2 | [ERERD AD BeRs R | [15] INE AN 12 14
var3 | [ARESME AD BMR S [5.15] ! i 3
vard BlockO # [a] [P % %1 [10,20] < L7 L 6 -
- H Oy R [30 100] o Ik 2 ’
varé 177 8] RN 25 45 [110] vard var5. 6
itz i e
T = ======= === ————
""" e : =t
e S == F—
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", =pinE
SNl EBIE A T, VbR A S

AZA) % B Re=5e4 Tmin LAk FHIRANS, k-epsilonfB!, it B£8R IE X TEH I T 0. fEOpenFOAMH
IR B8ORS A

top

k-¢ model requires two additional partial differential equations to be solved flap
kz q H O_ ¥ h '

=pe, — Has been the most popular 2-equation inlet cylmde“—"r ] outlet

H model in the past

Turbulent Kinetic Energy (0,0)

" L

ok o, oau, \oU; (%) ok
U === ph| ——di = Lo il O ) = L“ﬂg bottom

ox; Ox; eéx; ) dx; ax ox, J .
—— — o . THE I
Convection Generation Diffusion Destruction

Dis l ation Rate *{equations written for )Lfﬂjlﬁ‘%l“
- : e BR [t | H]| ¢ [ [ 1%
pva—g—r[f\ln'ﬂfh% s P AEIL W n(s—? ] 25| 041 (02.02) | 0.05 | 035 | 0.02
i at; L !\) JL @.\',. {:J.\'j a\_{ 5.1\'I- f " al“ 25 L k 3 (m} - . bt Bl - - .

Convection Generation Diffusion Destruction

oy, 0., (.. G, €, are empirical constants — tuned to canonical flows
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3. Ehl7raa L

[] epsilon

Ok

u nut

Op

|| pointDisplacement
Ou

I} vorticity

polyMesh
[ ] dynamicMeshDict
L] transportProperties
Ij turbulenceProperties
transportModel Newtonian;

SalE
> BRI IEAT B o

> R AN IR
> WRICR H B 2R 140

}

st

inlet
{
// Time-varying jplef YelQCily mm e
AT : ~
type guniformFixedvalue;
uniformvValue Itable

: {6 foE6y )

i (2. (500) )
| (100 (500 ) )
\,

-

simulationType RAS;

RAS a1
{
I RASModel kEpsilon;
turbulence on;

printCoeffs on;

}

[/ FEEKRI kK Ak Ak AI kAR kA AK AR AK A KA

default
div (phi, U)
div (phi, k)
div (phi,epsilon) bounded Gauss limitedLinear 1;
div (phi, omega) bounded Gauss limitedLinear 1;
div (phi,v2) bounded Gauss limitedLinear 1;
div((nuEff*dev2 (T (grad(U))))) Gauss linear;
div(nonlinearStress) Gauss linear;

none;
bounded Gauss linearUpwind grad(U);
bounded Gauss limitedLinear 1;

SIMPLE
{

> SIMPLEE

WaheemEE

nNonOrthogonalCorrectors 1;//// AEIEAEEE iR E
consistent true;

> _?Eg%%ﬁjj[] ersidualControl//// ieas et

|
DU 2 :
| --USHESE . P E
I I({lap \\\ ,— --------------------- N I
(N
I |' type movingWallVelocity;‘ I, outlet \\ I
Il value uniform (0 0 0); : [ { 1 I
: } 1 : type fixedvalue; : I
1 : : value uniform 0; | I
I: frontAndback 1 1} :
K : l P
I: ) type SMpLy:? : : frontAndback i I
I ] P |
1 ! 1 H
: : : : type empty; : |
I : outlet : : ! : I
{ I i I
: l‘ ; type zeroGradient; ,'l : frontAndback i :
\, I
| - g v j I
------------------ \ type empty; J I
|« HSEEAnoslip N e i
L . §F § §® § § § §% §® & ® §® & ° §® §° §® §® § °® §® ® ® ® §® ° §° §° §B ° °B §® §B § /|

e e

// SIMPLEC

"(plUlklepsilon) " le-08;//FRZEFE M U7 FEAAT B H B E

aplacianSchemes
> R EAREETE

}
> R B

ddtSchemes
{

default

gradSchemes

{

default backward; default

} }

Gauss linear corrected;

Gauss linear;

I
I
I
I
I
I
I
I
I
I
I
I
}
1
l\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I

ﬁﬁﬁﬂ*ﬁ% ]{relaxationFactors

P 0.7:// m)ﬂhﬁﬂ’-}frﬁﬁmlk[ T

2 U 0.7;// TGN T

Bﬁ?ﬁ&ﬁ k 0.7; / /i BE /T PR R AR RN 1
epsilon 0.7:// FEPEFENER R AL g A T

12
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*MATERIAL NAME=User
r “ELASTIC

3 . r 5.6000E+06,0.4

+| add_material.inp —_ o8

| | all.msh RS

= 1.0000E+03

IJ fix1.nam “EXPANSION
J.0000E+0Q0Q

«] flap.inp
[] post flap.fbd
| pre_flap.fbd

*BOUNDARY
Nfix1, 1, 6

*BOUNDARY
Nall, 3,3,0
Nall, 4, 4,0

Nall, 5, 5,0
*CLOAD
Nsurface, 1, 0.0
Nsurface, 2, 0.0
Nsurface, 3, 0.0

| | surface.nam

AR TLITIEIEAT B HL
& MBS H
EXLﬁ$#

g5 K LTS BN SR
i?l\%*’él
AL

valu c 0.35
valu h 0.02
valudz 1.
valu nd 0.005

pnt p10.25 0.19 -0.005
pnt p2 0.25 0.19 0.005
line 11 p1 p21

seta fix1 all

swep fix1 fix1 traOh 0 1
seta fix1 all

comp fix1 do

*SOLID SECTION,MATERIAL=User,ELSET=Eall

** fix on all nodes for translation in z-dir, rotation about x- and y-axis

i ¥ 44 s BIRoA SRR
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__________________________ ,
| <participant name="Fluid"> !

‘- -205e Mash AafTe="Fuld-vresh-Faces” provide="yes"/>
<use-mesh name="Fluid-Mesh-Nodes" provide="yes"/>
<use-mesh name="Calculix Mesh" from="Calculix"/>
<write-data name="Forces0" mesh="Fluid-Mesh-Faces"/>
<read-data name="Displacements0" mesh="Fluid-Mesh-Nodes"/>

<mapping:rbf-thin-plate-splines direction="write" from="Fluid-Mesh-Faces" to="Calculix Mesh" constraint="conservative" z-dead="true" />
<mapping:rbf-thin-plate-splines direction="read" from="Calculix_Mesh" to="Fluid-Mesh-Nodes" constraint="consistent" />

</participant>

<read-data name= ForcesO mesh= CalcuhxiMesh b

<write-data name="Displacements0" mesh="Calculix Mesh"/>

<watch-point mesh="Calculix_Mesh" name="point1" coordinate="0.6;0.2;0." />
</participant>

<m2n:sockets from="Fluid" to="Calculix"/>

%coupling—scheme:serial—implicit>
! <time-window-size value="0.001" />
1 <max time value— ‘10 />

| <exchange data— ForcesO mesh "Calculix_Mesh" from="Fluid" to="Calculix"/>

|< max-iterations value="50"/>

i<relative- convergence-measure limit="1e-4" data="Displacements0" mesh="Calculix Mesh"/>

I<relative-convergence-measure limit="1e-4" data="Forces0" mesh="Calculix_Mesh"/>

Leextrapolation-order vakiea 2t fo = = m = o s e e e e e e e e e e

<acceleration:IQN-ILS > >
<data name="Displacements0" mesh="Calculix Mesh"/>
<preconditioner type="residual-sum"/>
<filter type="QR1" limit="1e-6"/> >
<initial-relaxation value="0.1"/>
<max-used-iterations value="50"/> >
<time-windows-reused value="10"/>

</acceleration:lQN-ILS >

>

| <exchange data="Displacements0" mesh="Calculix Mesh" from="Calculix" to="Fluid" initialize

AT R K
AL RE B TR 25 AE
WRE S e B S\ i 45 [
7 BRI

> R B RIS AR EL
N —_ ¢ O )
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Physical
domain
AT
RTEEERL L AT
LLRRLLL] QLR NI L] EF TR RRE PRI
Referen
domain

V(o) V
Physical =
domain g E
—
g

x(X,t) <

atl o ally e,

—+V-F(U)=0 ?;-|X+Ux-Fx(Ux)—0

feco o s

RAREBPSESHZ
SRMEAT

Reference
domiain

Uy: Vanables in

X reference domain
Fy: Flux term

G™1; Jacobi of g(t)

V2 Mesh velocity
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Strongly/Implicit coupling scheme

] n+l : " gt
iy b Fluid Dg———»0
’ -: r. -: S 5
([ CFD|i i _CFD|: Mer#| % | [gme
—st 1] =1 | + Suucureok——7»g
i| csp|i i csD|: D‘L.n &
' o ! # 2
Yasomnes R - Tter # \\>," &
k+1 PN =
H
Treat the interaction $
between the fluid and O o
. #
structure synchronously Iter # Ny '
k+2 oL N
o g

v Maintain conservation (more accurate and stable)

v/ More robust in handling large deformation

BiFTEHRK

Institute for Ocean Engineering
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3. FBINEE Bl =i

' L B B B B _§ _}
'--------- iy g% A > 4 NN N N N B By I
I ZERIBESHE i : i
I - I
I - I
. AN I I
| BRI ALE ) 73 Lo |
I - I
I - I
I - I
| V) v I 1 I
I Physical -1 Reference I I I
I domain g domain I I
| 1 ! I
|
i g Uy: Variables in I | :
| x(X,t) — X reference domain I |
| Fx: Flux term : | :
| i -1 ;
. Uy 5 s G~': Jacobi of g(t) |
= F(D) = == vy F(Uy) =0 | |
I W F(U) . Jat |X % X( X) V¢: Mesh velocity | 1 I
I F=cU iy g6 ) [Fre7) [
I oo () G | 1 |
I - I
I - I
I - I
I - I
i SESS=SS=S==E=S=S=S=S========: 1 | I
' A A B B 7 25 S
I - I
1 1 pr— 1
I | I M 2B A P |
I - I
I - I
I 1
I L------------------------------
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ITEHEED

o JTTH R hf » OpenFOAM-CalculiX 2

B precice-conti |t
X B precicn COrfig.ami names=

TUTORIALS-20 [WEL: UBUNTU-22,
» elastic-lube-1d
* elastic-
flerwe-over-heated- plate fames CaAnE
mame="F
Ty

Mezwe-over-heated -plate-siea
» heat-exchanger
* multiphe: perpendicular-flaps
name="f
Tiamse=
riame
name="(
name Fluid
name="pispl; ts@™ mesh="T
direction
direction="r

hr e Mesh" provides"ye

* Fluid
) Solid

£ Aliclean

name="F mesh="Ca
name.

mesh="calculix Mesh™ names=" t1" coordinates"i

Allrun

Allrun

Ipent M -Caloulix foam
5 plotDisplacementsh
$ 1s
ll-||1 NFOAM-Caleul ix. f README . mid
$C.f

pracice-configaxml
READMEm

¥ TR leteFolders.sh

README.md
turek-hre
turek-hron-f
LICENSE
Re300_2.tar.gz
README.md

ReTEo

' constraind
' constraint="

config. xml

z-dead
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U=5m/s Re=5e4 t=10s U=5m/s Re=5e4 t=10s

U=5m/s Re=5e4 t=10s

Vorticity Z

" > 35 3 18 A R S A IR AT A B 2 Y

- 60

[ min A, IF H R SRR BN

20

; BH &

p > WIPESCRAR T i im i, R it X SRk
@ PR 128 B B K
- > i 5 3 [ A R SR P ARCTE s Pt i 1

1 KA T i T -

Re=Se4i EEYy. EEpMiREsHE
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" 4 sEMET

18 1t Paraview$i B[R+ A1 Gyt i 2% 15 19 FHFH. )

Ml Paraview 5.10.0 - X
File Edit View Sources Filters Extractors Tools Catalyst Macros Help

et % & WO »C ﬁH\@" Il P I>PI S tire:fio =120 [$]nax is 120

= b ﬂ'? | H-€ -t -l Representation x g-g 5, L 4z > @ |
C e =2 B om S
T ® L Eb SR ERL &
Pipeline Eg\gﬁ:g ? FlLaysut 11 ® +
= IntesrateFariables PaE @ FEE AN e i [] Renderviert 11|50 ® Spreadshestvient [0 1 |[C1[®
2 o PlotSelectionOverTined Showing  IntegrateVariables4  ~ Attribute:|Cell Data ~ [Precision:| & 3|18 v {3 &
5@ cylinder. foan Cell ID vtkOriginalCelllds ~ Area  Cell Type Force yrce Magnituc Normals
@ ExtractBlockz 00 0 0.0101634 Vertex 0. 0.00032913 -3.45094.. 0.000382411 -4.58742e-12 -2.1636e-11 0
® ExtractSurface2
© GenerateSurfaceNornals?
© cy_drag
IntegrateVariables?
@ It PlotSelectionOverTine2
—®@ Gradient2
5@ rigid. foan
+ @ ExtractBlocks
:
® ExtractSurface3
© GenerateSurfaceNornalss
|
® caleulatorl
IntegrateVariables3
3 tienOv 2.0e+01
@ Gradients [ 15
© Textl -
Froperties Information - 10
Properties a® ! 5
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